We report a 54-year-old man with osteomalacia due to a bladder reconstruction performed 35 years previously. He had had slowly progressive chest and back pain for 18 months. Osteomalacia due to metabolic acidosis was suspected based on hyperalkalinephosphatasemia and a high serum chloride level, and the diagnosis was confirmed by bone scintigraphy. His symptoms and blood electrolyte levels were improved by oral medication, including sodium hydrogen carbonate. Measurement of the serum chloride level is simple and useful for evaluating acidosis, for which a regular blood test is essential in patients who have undergone bladder reconstruction.
Introduction
In patients with bladder reconstruction using the ileum or colon, high-chloride (Cl) metabolic acidosis has been reported as a late complication, which may sometimes result in osteomalacia (1) (2) (3) . The report by Yoshida et al. (2) is the only report in Japan on this complication. Here, we report a patient with osteomalacia due to a bladder reconstruction performed 35 years previously, the longest postoperative interval before the diagnosis in the literature.
Case Report
A 54-year-old man had been suffering from right hip pain for 18 months and left hip pain for 15 months when he was referred to the General Medicine Department (our department) in the Chiba University Hospital. He had already seen a primary care doctor, but the cause of the symptoms was unknown and he had been treated with symptomatic therapy. Ten months before his referral to our department, he developed chest and back pain. When it became difficult for him to roll over in bed, he was referred to our department. Regarding his past history, he developed poliomyelitis at 5 years of age, causing permanent paralysis of his left proximal arm muscles. At age 18 years, he underwent a right nephroureterocystectomy and bladder reconstruction because of renal tuberculosis. It is unknown which part of the digestive tract was used for the bladder reconstruction. Our initial physical examination revealed the following normal findings: body temperature 36.3 , blood pressure 132/82 mmHg, pulse rate 64 beats/min (regular), and arterial oxygen saturation 98% (room air). However, he was tachypneic, breathing at a rate of 20/min. In addition, he had tenderness and indirect pain over the right fourth to sixth ribs and the left fifth and sixth ribs.
The blood test and urinalysis findings are shown in Table 1. The serum alkaline phosphatase (ALP) level was high, at 1,542 U/L (bone ALP was 86.2%). The electrolytes were as follows: Cl was increased to 125 mEq/L; calcium (Ca) and phosphate (P) were slightly decreased to 8.2 mg/ dL and 2.3 mg/dL, respectively; and intact parathyroid hormone (iPTH) was 24 mg/mL and 1,25-dihydroxy-vitamin D (1,25(OH)2Vit D) was 23.6 pg/mL, both within normal range. Arterial blood gas findings showed marked metabolic acidosis: pH 7.14, arterial carbon dioxide tension 32 mmHg, arterial oxygen tension 81 mmHg, and bicarbonate ion 10.9 mEq/L. Bone metabolism markers showed increased levels of both bone resorption and bone formation. Bone mineral analysis showed that the bone mineral content was much lower than the standard value, and T scores were -2.5 or lower in the lumbar spine and hip joint; we judged that he was in a low bone mass state ( Table 2 ). The urinary sediment contained intestinal epithelial cells (Fig. 1) . Immunoelectrophoretic studies did not show any monoclonal protein (M protein) in the serum or any Bence Jones protein in the urine. Thoracoabdominal plain computed tomography (CT) confirmed a shortened sigmoid colon and a substitute bladder reconstructed from the left lower abdomen to the inside of the pelvic cavity (Fig. 2) . Magnetic resonance imaging (MRI) found no abnormalities of the thoracic or lumbar spine. Bone scintigraphy revealed multiple signs of abnormal accumulation in the ribs (Fig. 3) . Based on these findings, we diagnosed osteomalacia; we reasoned that a bladder reconstruction using the sigmoid colon must have caused a marked high-Cl metabolic acidosis, and the persistent acidosis over a long period resulted in osteomalacia. Oral administration of precipitated calcium carbonate (3 g/day) was started from Day 8 (after our department's first visit) and alfacalcidol (2 μg/day) was started from Day 15, in order to correct metabolic acidosis (Fig. 4) . At Day 43, although serum Cl level was slightly decreased (121 mEq/L), because the arterial blood pH was not increased, sodium hydrogen carbonate (5 g/day) was added to the regimen. At Day 78, arterial blood pH was 7.33, serum Cl was 112 mEq/L, serum ALP was 1,019 U/L and the degree of pain caused by rolling over had decreased to 50% of the pre-treatment level. At Day 120, arterial blood pH had increased to 7.36, and the 'rolling over' pain was 30% of the baseline level. The pain continued to decrease as the Cl levels and acidosis improved. At Day 183, arterial blood pH remained within the normal range (7.36), serum ALP had decreased to 890 U/L, and the 'rolling over' pain had almost completely resolved. By Day 291, serum ALP had decreased to 433 U/L. Bone scintigraphy eight months after the first visit revealed only a few signs of abnormal accumulation in the ribs, a considerable improvement on the findings before the treatment (Fig. 3) .
Discussion
Because the patient described pain in his ribs and both hip joint during movement and weight-bearing on presentation, and physical examination revealed tenderness and indirect pain in his ribs, we concluded that his pain was bony in origin. Widespread bone pain, persistent increased levels of bone ALP, and slightly low Ca and P levels suggested osteo- malacia. Other possible causes of the pain included malignant bone metastases and multiple myeloma. No primary carcinoma that might have cause bone metastases was observed on thoracoabdominal plain CT, and the MRI of the thoracic and lumbar spine did not suggest spinal bone metastases, making malignancy unlikely. Immunoelectrophoretic studies did not show any M protein in the serum or any urinary Bence Jones protein; thus the pain was unlikely to have been caused by multiple myeloma.
Because the patient had a high level of serum Cl, acidosis was suspected; metabolic acidosis was confirmed by the arterial blood gas findings. Persistent acidosis releases calcium from bones, which buffers hydrogen ions excessively, resulting in osteomalacia. In osteomalacia due to acidosis, usually Ca and P levels are normal or slightly low, and iPTH and 1,25 (OH) 2Vit D are within normal range (4, 5); consistent with the pattern shown in the present patient.
Possible causes of metabolic acidosis included renal tubular acidosis and a complication of urinary diversion. Sjögren's syndrome has been known to cause renal tubular acidosis; however, dryness was not observed and anti-SS-A/ SS-B antibody was negative in this patient, making this syndrome unlikely. There was no history or finding suggestive of other causes of renal tubular acidosis, such as rheumatoid arthritis, systemic lupus erythematosus, primary macroglobulinemia, essential M proteinemia, heavy metal poisoning, or a drug side effect. The operative details of his bladder reconstruction 35 years earlier were unknown. However, based on abdominal plain CT findings (Fig. 2) , the bladder appeared to have been reconstructed using the sigmoid colon. We concluded that the bladder reconstruction was the cause of his acidosis.
High-Cl metabolic acidosis after a bladder reconstruction using the ileum or colon is caused by intestinal epithelial reabsorption of Cl and ammonium ions from the urine. Acidosis is observed in 18% of patients who have undergone a cystoplasty using chiefly the colon and in 10% of patients who have undergone ileal conduit surgery (6). Reconstruction using the colon, as opposed to the ileum, usually results in more absorption of urine electrolytes, such as sodium, Cl, and ammonium ions, and a higher rate of high-Cl metabolic acidosis (7) . In contrast, however, Miyake et al. (8) followed patients for a mean duration of 46.2 months after either ileum or colon surgery and compared the incidence rates of metabolic acidosis; the rates were 38.9% in the ileum group and 26.7% in the colon group, suggesting that acidosis may occur more frequently when using the ileum. Therefore, the relative incidence rates of metabolic acidosis following these two operative methods are unclear. In addition, impaired renal compensation due to dysuria or persistent renal parenchymal infection may cause acidosis (which does not necessarily require treatment) in the early postoperative period (7).
Symptoms of acidosis include general malaise, anorexia, upper abdominal discomfort, nausea, vomiting, and lethargy; these symptoms are often considered non-specific. If the acidosis becomes chronic, it may cause osteomalacia. Therefore, a patient at risk, like the present patient, should be evaluated regularly. Patients whose bladder reconstruction is for benign disease are particularly likely to survive long enough to develop osteomalacia, as this patient did; in such patients, regular evaluation by arterial blood gas measurement should be performed. Previous reports on osteomalacia after a bladder reconstruction are shown in Table 3 . In patients who have undergone bladder reconstruction using the colon and have developed osteomalacia due to metabolic acidosis, the serum Cl level is markedly increased (1) (2) (3) . Patients with osteomalacia that occurred after urinary diversion using the ileum or colon, such as ureterosigmoidostomy or ileal replacement of the ureter, also have high serum Cl levels (3, 9) . If a patient has a favorable outcome and requires a long-term follow-up, this follow-up may be carried out by the patient's primary care doctor. In such cases, because of the limited availability of arterial blood gas measurement, serum Cl level can be used instead as a more convenient measure.
The present patient required bicarbonate ion 120 mEq/day for approximately four months to correct the acidosis. Hossain (1) reported that acidosis was corrected by the administration of sodium hydrogen carbonate 119 mEq/day for approximately one month in patients with acidosis and osteomalacia that occurred after bladder reconstruction using the colon. However, if sodium hydrogen carbonate is used alone, sodium loading may elevate blood pressure; for patients with only one kidney patient, sodium hydrogen carbonate should be administered with caution. Treatment for osteomalacia due to metabolic acidosis does not always include vitamin D preparation; however, we observed a mild hypocalcemia and administered vitamin D, monitoring the patient for hypercalcemia.
Slowly progressive metabolic acidosis does not usually cause obvious symptoms; if asymptomatic acidosis persists for a long period, osteomalacia may occur many years after a bladder reconstruction. To monitor blood pH, arterial blood gas measurement is conventionally used. However, acidosis after a bladder reconstruction is associated with high Cl levels; therefore, measurement of serum Cl levels can be used as a convenient alternative to arterial blood gas measurement.
The authors state that they have no Conflict of Interest (COI).

